Loss of a leg or foot due to gangrene is one of the most feared consequences of long-term diabetes mellitus and, despite many advances in the care of diabetic patients, amputation remains distressingly common. Diabetic patients have a fifteenfold higher risk of major amputation than nondiabetic individualsl and account for 30% of all amputations in the UK.2 It has been estimated that 15 % of all people with diabetes develop foot ulceration and that 5-15% will require a lower extremity amputation at some time in their lives.' The economic implications of this are sobering: today, one out of five hospital admissions of diabetic patients to hospital is due to foot problems, many of which are recurrent.3
The mean duration of admission is four weeks, accounting for US$200 million of hospital costs in the USA alone for 19804 and £13.4 million in the UK NHS in 1985-86,2 figures which do not include indirect costs borne by the Department of Social Security, local councils, patients and their families. The total cost of losing a limb defies estimation and cannot be expressed in monetary terms.
It has been known since 1934 -when EP Joslin observed, 'It has been forced upon me that diabetic gangrene is not heaven-sent but earth born,5 -that gangrene and ulceration are not necessarily part of the natural history of diabetes. It is also well documented that the observation of simple rules in patient education and the provision of preventative foot care to the at-risk patient may reduce amputation rates.6 6 Nevertheless, the diabetic foot too frequently remains a neglected area of patient care, with foot care given lip service by many, but practised by few. A possible reason for the lack of interest may be that the foot lies between specialties without entirely belonging in either the surgeon's or the physician's field of interest, and often hovers uncertainly between the vascular and the orthopaedic surgeon.6 It is not surprising therefore that only a few doctors regularly examine feet in diabetic clinics, with foot examination rates being as low as 12% in some clinics.~ The increasing tendency towards subspecialization in medicine has created a need for a multidisciplinary approach where the expertise of surgeon, diabetologist, angiologist, chiropodist and nurse specialist/educator can be best utilized in the management of diabetic patients with foot problems.8 The recent trend of forming specialist foot clinics may achieve this goal and overcome many of the problems of co-ordinating health care delivery, raising the standard of diabetic foot care and reducing amputation rates. 9 Indeed, although lacking the drama and excitement of vascular reconstruction, preventative foot care probably saves more limbs. 10 care and the management of diabetic foot problems in the setting of a combined diabetic foot service.
Pathogenesis of foot lesions
An understanding of the aetiopathogenesis of foot lesions is essential in planning preventative programmes. Foot ulceration in diabetic patients is traditionally attributed to peripheral vascular disease and neuropathy, although mechanical stress, foot deformity, chemical or thermal injury and infection are common precipitating factors. Motor neuropathy leads to small muscle wasting in the foot, an imbalance between flexors and extensors leading to clawing of toes with prominence of metatarsal heads. Using an optical pedobarograph we have shown that abnormally high plantar pressures occur in neuropathic patients during standing and walking.ll In addition, limited joint mobility, described as cheiroarthropathy when it affects the hands, also affects the foot and contributes to the causation of elevated plantar pressures.12 The combination of insensitivity to pain, abnormally high plantar foot pressures and loss of proprioception may lead to foot ulceration. However, abnormally high foot pressures alone do not cause foot ulceration: patients with rheumatoid arthritis and high foot pressures but no neuropathy do not develop foot ulcers, whereas diabetic patients with neuropathy do. 13 It is clear, therefore, that foot deformity and abnormally high foot pressures per se do not cause foot ulceration but will do so only in the presence of essential permissive factors such as neuropathy and/or vascular diseases. 12 Sympathetic neuropathy usually coexists with somatic neuropathy in diabetic patients at risk of ulceration, manifesting as reduced or absent perspiration leading to dry skin, callus formation and skin fissuring (Figure 1 ).14 This 'autosympathectomy' leads to increased blood flow to the skin, predominantly through arteriovenous shuts. 15 Clinically this can manifest as increased skin temperature and prominent distended dorsal veins of the foot, even when supine. 16 Peripheral vascular disease is more common in diabetic patients and the distribution of atheromatous changes is more likely to include distal vessels such as tibial and peroneal vessels. 16 While the role of macrovascular disease is accepted, that of microvascular disease is less clear,19 although several abnormalities in microvascular blood flow have been demonstrated in patients with foot ulceration20the significance of these findings has recently been reviewed in this journal. 21 The thick, dry skin of the neuropathic foot Figure 1 'Neuropathic feet'note clawing of toes, dilated foot veins and callus under first metatarsal head at SAGE PUBLICATIONS on December 9, 2012 vmj.sagepub.com Downloaded from cracks easily and forms a portal of entry for infection. In the presence of vascular disease the needs of increased metabolic activity cannot be met and may cause tissue necrosis. Patients who have both neuropathy and severe macrovascular disease are at risk of developing painless ischaemic gangrene because they may lack the warning pain of critical ischaemia.
The neuropathic foot can also be injured by mechanical stress due to constant pressure maintained for long periods or high pressure over a short period. The non-neuropathic patient with intact sensation who buys new shoes that are a size too small would find these too tight and remove them. The neuropathic patient with insensitive feet feels no discomfort and may develop ischaemic necrosis over pressure points such as the lateral aspect of the fifth metatarsal and the medial aspect of the first metatarsal areas (Figure 2 ). A patient stepping on a small foreign body in his shoe or whilst walking barefoot can suffer direct mechanical damage as he lacks sensory input and continues walking. Burns and scalds by bathing in excessively hot water, sleeping in front of the radiator or walking barefoot on hot sand are not uncommon (Figure 3 ), and in addition chemical injuries from corn cures can also lead to foot ulcers in patients with insensitive feet. 
Screening
The aim of screening is to identify those at high risk of foot ulceration and to target them for intensive education in preventative foot care. This should be done in a general diabetic clinic.
Careful assessment of all diabetic feet should be carried out when the patient is first seen, whether newly diagnosed or newly referred, as many newly diagnosed non-insulin-dependent diabetic patients may have neuropathy, vascular disease or even foot ulcers. Simple clinical evaluation of the lower limb provides much useful information about vascular and neuropathic status. A medical history can identify many of the common risk factors (Table 1) . Patients with vascular disease may give a history of intermittent claudication, predominantly in the calf muscles, while those with distal vascular disease may not give a history of claudication in the calf muscles even when occlusion is severe enough to cause rest pain or ulceration, but claudication of intrinsic foot muscles may occur and can sometimes be misdiagnosed as soft tissue rheumatism or metatarsalgia.
Those with symptomatic neuropathy complain of lancinating or burning pains or paraesthesiae characterized by nocturnal exacerbation. Others with painless neuropathy may admit on questioning that sensation is reduced in the extremities while others are asymptomatic. Symptoms in the hands in the absence of those in the feet are more likely to be due to local pathology such as entrapment syndromes. Some patients have a 'painful-painless' leg, in which the patient experiences pain or paraesthesiae but has diminished pain sensation on clinical examination, leaving them at risk of painless injury.22
Care must be taken not to confuse nocturnal pains of ischaemia with neuropathic pain. On Figure 3 Large skin defect caused by thermal injury -note Charcot joint examination the former is associated with absent peripheral pulses in a cold foot which has poor capillary refill whereas a warm foot with dilated dorsal veins of the foot and bounding foot pulses is typically found in the latter.
An insensitive foot, muscle weakness with wasting of small muscles and imbalance between flexors and extensors causes the 'intrinsic minus foot', which can be identified by the claw toes, a high medial plantar arch and prominent metatarsal heads. Diabetes has replaced syphilis and leprosy as the commonest cause of Charcot joints in the lower limb in developed countries. The deformed joints may contribute abnormally high pressure loads on prominent exposed metatarsal heads and foot ulceration.
Autonomic neuropathy leads to loss of sweating and brittle dry skin with increased skin blood flow and an increase in skin temperature. The presence of callus and thick dry skin with dilated dorsal veins which do not empty even when the patient is supine may indicate an increased risk bf ulceration. A commonly overlooked fact is that the warm insensitive neuropathic foot is as much at risk as the cold ischaemic foot, and that even if clinical examination is apparently normal any patient who can walk without a limp in the presence of a plantar foot ulcer must be regarded as having a neuropathic ulcer.
Electrophysiological and quantitative tests of sensory function are a useful adjunct to clinical examination, though such tests are not essential for the detection of a high-risk foot. Measurement of the vibration perception threshold using a biothesiometer (Biomedical Instruments Inc., Ohio) is a useful method of quantitative sensory testing in identifying those at risk of foot ulceration. A threshold of 35 or more is associated with a high risk of foot ulceration,&dquo; while the inability to detect a vibrating 128Hz tuning fork over the hallux will also identify subjects at risk.
The ankle:brachial supine systolic blood pressure index is useful in assessing vascular patency provided there is no vascular calcification, but has the disadvantage of false elevation of ankle systolic pressure in the presence of calcified 23, 24 or even stiffened arterial walls.25 It is not surprising therefore that the systolic pressure index is frequently unhelpful, as the prevalence of vascular disease may be underestimated in those with an obviously raised ankle pressure.
Even in the absence of vascular calcification, the results from the vascular laboratory may be misinterpreted in patients with increased stiffness of the arterial wall.25 Additional information may be obtained by a one-minute exercise test, measurement of toe blood pressure, calculation of a toe:arm ratio, assessment of skin perfusion pressure, thermography or laser Doppler studies.
A combination of ankle and toe pressure measurements may be useful in predicting primary healing in diabetic foot ulcers. Ankle pressures can identify a level below which primary healing is unlikely without a revascularization procedure, while toe pressure measurements can detect a level above which amputation is seldom required.26 In the absence of oedema, however, the presence or absence of foot pulses together with skin temperature and general appearance gives a good indication of vascular status.
A thorough clinical history and examination will provide as much useful information as any other test in clinical practice ( Table 2) . Table 2 Clinical assessment of the diabetic foot Preventative foot care Education As outlined above, the risk category of diabetic patients can be readily established. Those with no symptoms and healthy feet should receive general advice on foot care and be encouraged to maintain a high standard of foot hygiene. They will require reassessment annually to ensure that their risk Table 3 Advice to at-risk patients status has not changed -this can be done at the general diabetic clinic. Overemphasis on intensive foot care in healthy diabetic patients may be counterproductive and lead to noncompliance. It would be unreasonable to give intensive foot care education to a newly diagnosed young diabetic patient who has already been bombarded with information on glucose monitoring and diet.
Patients deemed to be at risk need more intensive foot care education and preventative foot care. Ideally this can be done in a diabetic foot clinic and can be carried out by a diabetes specialist nurse in small group sessions. Whenever possible, patients should attend with a relative or friend. Those living in supervised accommodation may need to be seen with carers, such as nursing home wardens and members of staff. Many patients with insensitive feet are oblivious to their condition; they may even deny having a problem as they feel no discomfortthis gives them a false sense of security which often leads to pressure or thermal injuries and infection. It is imperative that the educator demonstrates that patients are insensitive to temperature and vibration in their feet but not in the upper limb.
Training in foot examination is an essential part of foot care education, and those who are unable to inspect the sole of the foot may need to use a mirror or ask their spouse, friends or relatives to do this for them. The need to check shoes for the presence of foreign bodies such as coins, keys, pins and nails and the need to apply emollients to dry skin must be emphasized. Patients need regular reinforcements of the 'do's and don'ts' of diabetic foot care (Table 3 ) if a modification of behaviour patterns is to be achieved. This can be done with ease if all members of the foot care team are involved in education and use the numerous educational aids such as videos and booklets, although care must be taken that conflicting advice is not given when using materials from different sources.
It is important that the following guidelines are followed if an education programme is to succeed. 1) Careful planning is required if an educational programme aimed at changing patterns of behaviour is to be successful. Objectives must be clearly defined and progress regularly assessedregular reinforcement is essential. The patient should be in a position to understand why it is necessary to protect his feet. It is well documented that programmes designed to meet the needs of diabetic patients can promote long-term benefits in self-care, metabolic control and emotional status. 27 2) It is important that only relevant information is included in such educational modules. Patients not at risk should receive general advice on hygiene but not intensive foot care education.
3) High-risk groups should be identified and targeted for intensive foot care (young patients with healthy feet need not receive foot care advice aimed at the high-risk patient). 4) All leaflets and audiovisual presentations must be supplemented by further discussion. If patients are to benefit from such discussion, educators must take into consideration the educational background and ability of the patient and format their instructions in a manner which can be easily understood by the patient. Special problems may arise in immigrants and those with visual or hearing handicap. 5) It is important that patients are taught how to cope with a crisis and gain access to appropriate care from their personal doctor, local hospital or a telephone 'footline'. Teaching patients how to recognize warning signs and symptoms may help to avoid such crises and many potential problems may be averted or their effects minimized.
Chiropody
These patients often need chiropody. Ideally the chiropodist should be present at the clinic, but where this is not possible the nurse should be able to initiate early chiropody appointments. Any callus should be trimmed and regular chiropody arranged. 'Bathroom chiropody' should be discouraged, as many patients have sliced off parts of an insensitive toe during such operations. The use of special hosiery28,29 may be useful in reducing plantar pressures in these patients.
Special shoes
If sensory function is intact, anyone feeling discomfort or pain in one part of the foot while walking will adjust gait pattern to transfer the pressure load to another part of the foot. Gait modification does not occur in patients with insensitive feet, and may result in ulceration. Appropriate footwear may prevent ulceration but it is not useful as a means of healing established ulcers.
It is important therefore that diabetic patients are trained in selecting appropriate shoes. The patient with insensitive feet cannot be expected to determine the fit of a shoe by the way it 'feels', and such patients may make a potentially dangerous choice of shoes that are too tight. Ideally, the fit of a shoe should be determined by having the foot measured by a trained assistant, although few shoe shops have the facilities or trained staff for measuring foot size and it is not surprising that many foot ulcer patients had purchased shoes over the counter or on mail order. 3, 30 In specialist shoe-fitting clinics, devices such as the capsule sock (containing a wax capsule of coloured dye which breaks at a particular pressure threshold) are used,31 although such devices are not required for routine shoe-fitting. Shoes should be acceptable to the patient from a cosmetic point of view as a less-than-ideal therapeutic shoe which is worn regularly is better than the ideal shoe that sits in a cupboard. The principles of designing and providing suitable footwear for diabetic patients have been reviewed elsewhere32: the shoe should be lightweight and lace-up with soft leather uppers, wide at the toes to protect the sides of the first and fifth metatarsal heads and deep enough to accommodate an in-sole. Those patients with no specific pressure points can be provided with simple in-soles while those with specific pressure points will need a moulded insole. 33 Most at-risk patients can obtain satisfactory and safe footwear from reputable retail outlets if their feet are measured, although those with claw toes or prominent metatarsal heads may need off-the-shelf extra-depth shoes, available from surgical shoe suppliers. Many such firms are prepared to send a trained orthotist to the clinic and this can be arranged through the hospital appliances officer. Patients with severe deformities require custom-built shoes which can be obtained from shoe manufacturers (in the UK this can be done through the NHS). It is therefore desirable for a trained orthotist to be present at the foot clinic so that, having identified those who need special shoes, the orthotist can measure their feet and discuss shoe-fitting both with the patient and other members of the team. Previous studies have shown that the availability of such facilities can decrease morbidity from diabetic foot lesions.34
Prophylactic surgery
The presence of orthopaedic deformity often leads to recurrent ulceration due to the creation of pressure points. Many surgical techniques for the correction of digital deformities, hallux valgus, hallux rigidus and metatarsal head lesions have been described and are reviewed elsewhere. 35 The deformity produced by Charcot joints may contribute abnormally high pressure loads and cause foot ulceration. Early detection and freedom from weight-bearing in the active phase together with nonsteroidal anti-inflammatory agents followed by the provision of made-to-measure shoes are the mainstays of management. The role of prophylactic surgery in such cases is controversial: in the USA, orthopaedic surgeons and podiatrists appear to favour an aggressive approach, while a more conservative approach is advocated in the UK. 36 The role of elective revascularization procedures in the patient with symptomatic arterial disease in preventing ischaemic lesions is beyond dispute. In some centres, treatment of arterial ischaemia in diabetic patients with bypass surgery produced results equal to those achieved in non-diabetic individuals. 37,38 Early referral before the onset of ulceration to a vascular or orthopaedic surgeon for arterial reconstruction, angioplasty or correction of deformity may save limbs. It is therefore essential that clear channels of communication and referral pathways are developed within the foot care team for patients at risk to be seen urgently. Ideally a member of the surgical team should be present at the foot clinic, although this is not always possible and it would suffice if the facility for urgent consultation and review were available to patients attending the foot clinic, preferably on the same day.
Management of ulcers
Even with the best preventative foot care programme some patients will continue to develop ulcers. A mixture of vascular and neuropathic factors often operate in the causation of foot ulceration although lesions at either end of the spectrum from purely neuropathic to purely ischaemic lesions may be encountered.
Typically, ischaemic ulcers occur over the medial surface of the first metatarsal, the lateral surface of the fifth metatarsal and the heel. These ulcers are usually painful but may be painless in the presence of neuropathy. They are surrounded by an area of erythema but, in contrast to the neuropathic ulcer, callous tissue is absent. Secondary infection often complicates these lesions and the onset of rest pain and discoloured or black areas of skin are markers of poor limb viability. Classically, neuropathic ulcers are situated under the metatarsal heads, tips of the toes and on the dorsum of the toes; they are painless, surrounded by callous tissue and have a punched-out appearance.
The distinction between neuropathic and vascular ulcers is an artificial one in that varying degrees of neuropathy and vascular disease coexist in most patients.
In managing these patients a planned approach using a classification based on severity is useful (Table 4 ). In general, those with gangrene (grades 4, 5) tend to have predominantly vascular disease while those in grades 1-3 tend to be neuropathic in origin.
The management of superficial (grade 1) ulcers consists mainly of pressure relief over the ulcerated area. Unless extensive superadded infection or vascular disease is present this can be done on an outpatient basis and can be achieved by bed-rest at home, although the fact that these patients can walk on ulcerated areas without pain often leads to noncompliance. The use of a walking plaster cast allows some mobility without subjecting the ulcerated area to high pressure.39 A split cast such as the Scotch Cast boot, which can be removed easily for inspection of the wound, is Table 4 Grading severity of diabetic foot lesions Table 5 The foot care team at SAGE PUBLICATIONS on December 9, 2012 vmj.sagepub.com Downloaded from favoured by many.4o Grade 2 ulcers penetrate soft tissues down to tendons and ligaments. Infection is often present and may manifest clinically as erythema, increased skin temperature, swelling and purulent discharge. Culturing swabs from the base of the ulcer and venous blood, vascular assessment and a foot X-ray to exclude bone involvement are mandatory. Management consists of rest with elevation of the foot (if there is no vascular disease), strict glycaemic control, wound debridement and antibiotics. Coamoxyclav (Augmentin) or a combination of flucloxacillin, ampicillin and metronidazole are commonly used. It has been shown that if sepsis can be controlled the risk of major amputation is minimal in the absence of vascular disease. 41 However, if vascular insufficiency is present, a vascular surgeon should be consulted as a revascularization procedure such as angioplasty or bypass surgery can accelerate healing. When managing diabetic patients with foot lesions the surgeon is often faced with the dilemma of whether to opt for surgery or to continue conservative measures. If the lesion is predominantly neuropathic every effort should be made to conserve the limb. Local surgery with drainage, debridement and limited phalangeal amputation has been successfully used as an alternative to major limb amputations.42 Large skin defects may be helped by skin grafting and shorten the duration of inpatient care. 43 In the predominantly neuropathic foot, local surgery such as ray excision gives excellent results; in those of mixed aetiology a revascularization procedure may add to the viability of the limb following local surgery. It is necessary to protect the other leg from pressure ulceration during long periods of inpatient care, as pressure ulcers of the contralateral heel are a common consequence of prolonged hospitalization -the use of polyurethane leg troughs and foot cushions can prevent this. Once healing is achieved, preventative foot care advice, special footwear and regular follow-up are essential.
Although noninvasive assessment and clinical examination provide clues to the presence of vascular disease, arteriography remains the definitive test for demonstrating sites of occlusion. In those with impaired renal function, where a lower dose of contrast is preferred, digital subtraction techniques and pulse-generated run-off can be used.
If the lesion is predominantly ischaemic or of mixed neuropathic-vascular aetiology, a revascularization procedure may promote healing. It is now possible to perform very distal revascularization by reversed vein or in situ saphenous vein arterial bypass.44 The saphenous vein is left in its capillary bed and transformed into an arterial conduit by disrupting the valves, connecting the proximal portion of the vein to the common femoral or superficial femoral artery and anastomosing the distal end to calf or ankle arteries using microsurgical techniques. In the past, bypass surgery for occlusions distal to the proximal popliteal was thought to be impossible and amputation inevitable, but newer surgical techniques have been shown to enhance foot perfusion and improve healing rates. 45 Many physicians and surgeons take the pessimistic view that local resection and revascularization merely delay the inevitable amputation. Although recognizing the fact that amputation is more appropriate in the case of nonviable limbs, with patients regaining mobility and function with a prosthesis, a recent study showed that revascularization did achieve the goal of limb salvage and refuted the belief that aggressive revascularization leads to a series of nibbling surgical procedures which culminate in a major amputation. 46 Management of the grade 3 lesion where there is some evidence of bone involvement is similar to that of grade 2, but surgical intervention is required more often. X-rays of the foot may show radiological features of osteomyelitis such as cortical erosion, osteopaenia, and erosions. It is difficult to assess whether bony changes are due to diabetic osteopathy or bone infection on plain radiography, and bone scans are often unhelpful as 'hot' spots may be due to diabetic osteopathy. Patients with grade 5 lesions clearly require a major amputation. Close co-operation between all members of the team is required when making such decisions and surgeons should 'think of amputation not as removal of a limb but as refashioning an organ of locomotion' and work in conjunction with the limb-fitting services to fashion a stump suitable for fitting a prosthesis. Such major amputations, although they provide an immediate solution to the problem, have a poor prognosis with increased risk of losing the other limb and failure in rehabilitation and return to employment. 48--50 Survival rates of 50% for the first year and 40% for the first five years after unilateral amputation have been reportedslone study showed no survivors after five years.52
The team approach to foot care The key to reducing the incidence of diabetic foot lesions lies in creating an increased awareness of the risk of ulceration on the part of both patients and health care workers and in the implementation of preventative foot care programmes. The success of such programmes depends on careful clinical assessment and recognition of those at risk of foot ulceration, enabling the clinician to concentrate already scarce resources on those patients who are most likely to benefit. An organized attempt must be made to identify those at risk by screening diabetic patients. Vulnerable subjects can be offered education and regular surveillance by a doctor, nurse or chiropodist. Assessment by a chiropodist and orthotist and the provision of protective footwear must also be available.
The outpatient departments of large hospitals have been criticized, being compared to a humiliating and impersonal 'cattle market'. 53 Clearly this is not the ideal environment in which to carry out preventative foot care, with patients sometimes having to wait three or four hours for a five-minute consultation with a doctor who they see for the first and probably the last time. It is not surprising that doctors, nurses and patients view this system with distaste. The skills and expertise of diabetologist, surgeon, nurse, chiropodist and orthotist are best utilized by setting up a combined diabetic foot care team, ideally one working in a combined diabetic foot clinic, as the patient would then have to attend only one session. A foot care team can function efficiently if careful thought is given to developing methods of communication between the different disciplines involved in foot care. We have found that professional contact in the setting of a foot clinic is rewarding and has led to the diabetes, vascular and orthopaedic teams developing a system where access to expert opinion is readily available.
It has been proven that such clinics not only reduce amputation rates but also result in a greater proportion of local resections as opposed to major amputation. An audit of performance at the Manchester foot clinic over three years showed a 39% reduction in major amputations since the inception of the clinic. 54 The main functions of a foot clinic are patient education, prevention of foot problems in highrisk categories, the provision of an emergency hotline for advice and the provision of a centre of expertise which co-ordinates the activities of all members of the foot care team ( Table 5 ). Theoretically, this would ensure that all patients at risk of foot lesions receive comprehensive supervision and are cared for in an appropriate setting, while maintaining continuity of care with ease of access to chiropody and orthotist services with as little waiting as possible. It is clear however that a foot service cannot succeed in isolation, but can function only within a comprehensive diabetes services. When setting up a specialist foot clinic it must be understood by all concerned that foot care is only one part of total diabetes management ; general aspects of diabetes care such as retinopathy screening, glycaemic control and dietary advice must not be overlooked.
Setting up a foot care service may require additional funding, and proof that diabetic foot care is cost-beneficial and cost-effective must be presented to administrators. We have shown that saving limbs saves money, and that this can be most effectively and efficiently achieved by coordinating the expertise of physician, surgeon, chiropodist and nurse in a combined foot clinic.
